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PURPOSE

A\ —
The objectives of the—wenk—being-perfommed-under—thiw—comtract are to
develop & better theoretical understanding of the tunnel cathode, to evaluate
both materials and processes for the fabrication of this type of device, and
thereby to develop a tunnel cathode having desirable electrical and mechanical
characteristics. . M} émw‘ /‘/
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P improving the quality of the anodized aluminum oxide film through which electron

tunneling occurs. Because the properties of this film appear to be very sensitive

=

to the conditions under which the aluminum emitter film is prepared, considersble
effort has gone into improving the vacuum level and cleanliness during the vacuum
deposition of this film. A large improvement in the insulating film current
density Am- made as a result of processing changes.
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MEETINGS AND CONFERENCES

Discussion of contract and status of tunnel cathode work with H. G. Chandler
at Owensboro, July 31 - August 2, 1962.

Review of project and objectives with DOFL and NASA personnel at DOFL, ,
September 15, 1962. C. E. Horton, J. R. Crittenden, and H. W. Lupton in

attendence from General Electric.
Discussion with H. G. Chandler at Owensboro, September 11, 1962.

Discussion of replicating techniques for electron microscope study of glass
end metal film surfaces, with General Electric Research Laboratory and
General Engineering Laboratory personnel at Schenectady, New York, by

T. J. Nall, October 18-19, 1962.
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BRIEF DESCRIPTION OF TUNNEL CATHODES

The operation of tunnel cathodes has been described in some detall in the

literature, 1,2

but will be described here very briefly using the energy level
diagram of Figure 1. This shows a metal layer, a thin insulating film, a thin
metal film, and a vacuum. The thickness of 'the insulating film and the thin
metal film are of the order of 1008. The thin metal film is made about five
volts positive with respect to the metal layer on the left. Electrons from the
metal on the left are able to pass through the insulating film by a process that
involves tunneling and also conduction through the insulator conduction band.
Electrons may also pass through the insulator by Schottky emission into the insu-
lator conduction band.3 During the passage through the insulator, the electrons
receive an amount of energy corresponding to the voltage applied to the thin
metal film. Those that do not dissipate their energy within the insulating film
or the thin metal film will have enough kinetic energy to overcome the work
function barrier of approximately four electron volts that exists between the
metal and the vacuum. The dashed horizontal line indicates the energy diagram
for one such electron as it passes through the cathode and into the vacuunm.
These electrons are thus emitted into the vacuum, and the device is therefore

a cathode.

Because the current densities theoretically obtainable in such a device
are quite large, the limitations on the performance of tunnel cathodes will
probably be determined by practical considerations such as choice of material,
the quality and uniformity of the thin films, etc.
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DESCRIPTION OF TEST SAMPLES

-t

The tunnel cathode test units now being studied use crossed metal films on

microscope slide substrates. Figure 2 shows the geometrical arrangement of the

o s §

films. The long stripes are the emitter layers and are deposited first. The
deposition process is vacuum evaporation of metal. The insulating £film i1s then

formed. Currently, the emitter layers are aluminum, and the insulating film is

L
3

formed from the aluminum by anodization. The accelerators, the vertical metal
strips indicated in Figure 2, are deposited last. These have been aluminum in

most of the units made, but gold has also been used.

A scribe line is made down the centér of the slide to give electrical
geparation of the pairs of test units that are formed. To facilitate making

electrical coutact to the rather delicate thin films, a small amount of indium,

.

1
1
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Test Units on Microscope Slide Substrate
Figure 2

used a8 a solder, is applied to the ends of the metal films.

The metal strips are all one miilimeter wide. The eleven accelerator strips
L (for practical reasons, only ten of these are regularly used) are centered unsym-
metrically on the slide. Consequently, if the slide is reversed end-for-end in

the evaporation mask and another metal film is deposited, the new set of accelerator
strips will fall midway between the first set. This permits, for instance, putting

a set of gold accelerators plus a set of aluminum accelerators over a common insu-

lating film for making a direct comparison of the two accelerator materials.

} -3-
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ELECTRICATL, TEST METHODS

Two electrical test circuits, both bailt prior to the present contract, are
currently used for evaluating the performaraice of tunnel cathode test units. Both
methods use & dual-beam osclllosgcope with calibrated deflection sensitivities
(Tektronix type 502) to display the voltage -current characteristics of the unit
under test. The dual-beam feature is used to permit simultaneous monitoring of
both the total film current* and that portion of the f£ilm current that is emitted.

The simpler and more often used circuit uses a rectified 60-cycle voltage
ag the voltage applied to the sandwich and to the horizontsl deflection circuit
of the oscilloscope. The circuit in its prresent form is shown in Figure 3. A
Variac and range switch vary the amplitude of the applied voltage. A monitoring
resistor is used to measure the current flovwing through the insulating film. In
earlier measurements & d-c supply and secomad monitoring resistor were used for
measuring emission current; however, the test setup as used during this quarter
does not include this feature because the other test circuit is intended for all

emligsion testing.

Rectification of the 60-cycle sweep wvoltage is desirable for two reasons.
First, this reduces the tendency for demege to the test units resulting from heat

generated in the testing process. Second, some combinations of film materials show

congiderably higher electrical breakdown characteristics in the forward direction
than in the reverse direction; and allowing reverse current to flow may unneces-

sarily limit the range over which the unit s may be tested.

To enable high currents to be drawn without damaging the units thermally,

a pulse test circuit essentially identical. to that describved by Meadu was constructed.

The circuit diagram of this test set is shaown in Figure 4. This circuit passes a
single 15 microsecond pulse through the imsulating film. During this pulse, the
current rises linearly from zero to its finsl value. The voltage is therefore not
set by the circuit, but is determined by the current and the E-I characteristic
of the insulating film. This E-I characteristic 1s displayed on one beam of the
oscilloscope, with current on the horizontal axis. The other beam shows emission
current as a function of film current. The oscllloscope traces are bright enough
that the single sweep can be recorded on Polaroid 3000 speed/type 47 film.

* The term "film current” is preferred over "tumneling current" because the
latter excludes the possible contribution of Schottky emission to the current
passing through the insulator. L
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7 The scope trigger source is different from that used by Mead in his original
circuit. To elimlnate occasional multiple pulses, we used the smoothly-varying
resistance of a momentarily-illumineted photoconductive cell to supply a single

trigger pulse to the oscilloscope.

The 60 cycle test circuit 1s generally used when only f£ilm current is
measured. When measurements of both film current and tunneling current are desired,
the pulse test circuit is used. The reason for this is that the film current
measurements are made in air (and occasionally with the test units immersed in
liquid nitrogen), which seeme to provide adequate cooling to enable factors other
than thermal dissipation to determine the current-carrying capabilities of our
present insulating films. Because of this, the 60 cycle test circuit provides =
convenient means for comparative evaluation of different test lots immediately
following their preparation. This method is also used to indicate those lots
that should be prepared for emission testing. '

The emission testing is of course done under vacuum; and the units are
found to burn out at considerably lower values of film current, presumably because
their ability to dissipate heat is substantially reduced. Pulse testing under
these conditions is desirable in order to determine the maximum emission capabilities;
of the thin film cathodes.

Because of the difficulties encountered with insulating film quality, and
gur desire to control +the tunneling layer characteristics before proceeding, no
emisgion testing has been conducted during this quarter.

~The method already developed for performing the emission test is to seal
the thin film test units into a metal tube envelope with an octal base. Figure 5
is a drawing of the assembly as 1t appears before the metal tube envelope is put
in place. The substrates are cut with a glass cutter into sections each containing
six tunnel cathodes and mounted facing a common anode. Aqseparate sealed-off unit
is used to permit emission testing without interrupting the preparation of addi- ’
tional thin film units in the vacuum system, and the choice of a standard receiving
tube envelope as the vacuum enclosure was made as a matter of convenience. The
metal envelope has an advantage over the more common glass envelope because the

final seal can be made without appreciably heating the inside of the tube. Early

-6-
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Tunnel Cathodes Mounted On Octal. Stem For Eunission Test
' Figure 5

ettempts to use glass tube envelopes resulted consistently in damage ‘éo the type
of units being made at that time. The temperature of the inside of the glasgs tube °
envelope during sealing was estimated to be about %00°¢.

A further adventage of the low sealing temperature is that indium (melting
point 15590) may be used to make electrical connection between the test units on
the microscope slide substrate and the tube pins. These soldered connections also
serve very gatisfactorily as a mechanical support for the substrate.
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INVESTIGATION OF FIIM QUALITY

A. Discussion

The electrical performance of a thin film tunnel cathode is obviously depend- ]
ent on the quality of the films from which it is made. The project emphasis during
this quarter has been on improving the quality of aluminum and aluminum oxide films.

Some of the factors that would be expected to affect the quality of these
films are the chemical putrity of the materials, the various gasses present in the
vacuum system during deposition, substrate cleanliness and temperature, evaporation
rate, the type of vapor source used, and, for insulating films, the method of
preparation (for our present films, the anodizing schedule). It would be surpris-
ing to find ultimately that film quality is not affected by nearly all of these
variables; however, in almost every éase the experimental results strongly suggest
that at present one factor - the vacuum level during film deposition -~ is by far
the most significant variable if reasonable care is given the otlier various steps
involved in the preparation of the films. Controlled experiments to find the
effects of other variables have almost invariably been disappointing, and one can
only'conclude that these effects are overshadowed by.the effects of some other
variable, presumahly the vacuum system pressure. Consequently, this report will

present only very limited data on such experiments.

Indicationg of £ilm quality may be measured in many ways: structural
details such as porosity, crystalline structure, and dengity; surface structure
and smoothness; electrical resistivity; and chemical purity. In the present
investigation, the most convenient method has been to measure the film current
characteristics. A good thin film sandwich will support a relatively high current;
& poorer film will burn out more easily. Essentially, this measures the quality
of the insulating film, which is probably the most critical component of the tunnel
cathode. In most cases, burnout at a low current probably means non-uniformities
in the insulating film. These may be either in the form of thin spots that carry
& disproportionately large share of the total current or structually weak spots
that break down and short out under the applied electrical stress. In either case,
the difficulty appears to have its origin in the guality of the aluminum film from
which the anodized oxide film is grown.

_9..
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Because film current provides a simple ;nonitor of film quelity, other

measurements of film properties (excep‘b for disgnostic purposes) have generally

been postponed to the time when more consistent experimental results can be obtained.

It is not felt that a more detailled study of film properties at this time would
contribute much to the understanding of the factors that will eventuslly figure in
the selection of materials and processes for the best possible cathode design.

B. Substrate

Although serving only as & mechanical support for the test units, the nature
of the substrate is important in many ways. The smoothness of the films is depen-
dent on the smoothness of the substrate. The way in which the film grows depends
partly on the binding forces between the substrate molecules and the atoms of the
evaporant. Substrate temperature affects the mobility of the evaporant atoms on
the substrate surface and is a factor in determining the structure and smocthness
of the film.

Microscope slides are currently used as substrates for our thin film tunnel
cathodes. Electron microscope replicas indicate a surface appearance simila.r‘ to
that found by LemkeS, probably smooth enough to permit a satisfactory film structure.
Good adherance and continuity of the film appear to be possible with glass, provided
only that the slide is completely oil free. As suggested by Swaine and Plumb ,6
gomewhat better aluminum films appear to be obtained with & moderately heated
substrate; but the existance of this effect has not definitely been proven by our

own experimental results.

Two processes have been used to clean the substrates. In the first, the
substrate is thoroughly washed in a hot Alconox solution and rinsed with distilled
water. The slide is then rinsed in methanol and allowed to dry, after which it is
again rinsed in distilled water. '

The other method used involved the use of a high grade of MgO powder. With
this method, s thick paste is made using distilled water and the Mg0 powder. -The
paste 1s rubbed over the surface of the slide using rubber gloves. The fine grains
of the Mg0 in the paste act as an abrasive and polish the surface. During the
polishing, the surface layer of the glass substrate is removed and a clean surface
is obtained. The difficulty encountered using this process was that not all of the
Mg0 was rinsed away. After drying, Mgo films could be detected. We believe that
this problem is a matter of technique that can be worked out by further experimen-
tation with this cleaning method.

-10-
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An additional pre-cleaning step has been found necessary with many of the
slides. Under strong light, a very thin deposit resembling a thin mildew film
is observed on some slides. We have been unable to remove this deposit with
conventional cleaning techniques, but it can be removed by vigorous scrubbing with

a clean cloth.

Mead7 observed. that the well-known tendency of water to form continuocus f£ilms
on only very clean glass makes 1t possible to monitor subgtrate cleanliness during
the final step in the washing process. On truly clean glass a film of water will
remain continuous at thicknesses in the micron range. Consequently, with the slide
held vertically as the glass is drying after its final distilled water rinse,
interference fringes may be seen in the water film. Continuous regular interference
fringes indicate a clean slide. Discontinuities in the fringes indicate particles
of dust. The film recoils strongly from traces ¢f oil, which are conspicuously
indicated by the fringe pattern.

Another test of cleanliness is to direct a fine spray of distilled water on
the surface to be tested. If the surface is clepn, the droplets will wet it
sufficiently well to fuse into a continuous film. If the surface is olly, the
water will remain in the form of individual droplets and give the surface a frosted

appearance. This test has bsen used to measure substrate cleanliness.

Agsociated with the problems of substraté cleanliness is the general
cleanliness of the laboratory environment. The same water-spray test has been
used to monitor the rate of contamination of a surface exposed to various environ-
ments. It is convenient to use a freshly-cleaved mica surface with this test.
Such a surface left exposed in the dessicator in which we store clean parts indi-
Eated oil contemination over a 24 hour period. Consequently, we now clean sub-
strates immedlately prior to use rather than risking contamination by cleaning and
storing them. Also as & result of this test, we replaced the asbestos-board shelves
supplied with the dessicator with stainless steel shelves. A subsequent test of

oil pickup rate showed that the mica surface remained clean for 24 hours.

C. Vacuum and Deposition Technigues

As already observed, tunnel cathode quality appears to be intimately asso-
clated with the quality of the vacuum in which the vacuum deposition of the aluminum
emitter layer is made. Thfs dependence has been noted with the system operating
at an ultimate pressure of 1 or 2 x lOf torr, rising to between 10-7 ang lO-6 torr
during the deposition process. A primary objective of our thin film work is to
meke the metal depositions under sufficiently good vacuum conditions that film

quality becomes essentially independent of this variable. Consequently, considerable

-11-
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attention has been devoted to the problem of getting from the vacuum system the
best performance of which it is capable.

In discussing film contemination by residual gas we have to this point
mentioned only thé system pressure. However, it is well known that a rapid
deposition rate salso helps to produce a relatively uncontaminated film. More
specifically, the ratio of deposition rate to system pressure should be kept as
high as possible; for this determineg the relative rates of arrival of metal and
gas atoms at the substrate. Accordingly, we have used deposition rates that are

usually higher than 100 angstroms per second.

Also omitted in the above discussion of contamination is the important
consideration of the chemical nature of the residual gas. For instance, carbon
dioxide would be expected to be more troublesome than an equivalent amount of
argon. We are not equipped to identify the gasses present in our vacuum system;
however, we have used a mass spectrometer to measure the gasses evolved from the
aluminum used for vacuum deposition and find it contains an amount of ﬁitrogen
equal to three times the amount present in the same volume of air. Of the remain-
ing ges, hydrogen represents 2.1% of the total amount present, oxygen l/2%, water
vapor 0.06%, carbon dioxide 0.1%, and hydrocarbons of low molecular wright 0.2%.
This analysis may not be completely representative of the gas evolved from
aluminum dufing deposition because in the test the'gas'remained in equilibrium
with the éluminum sample whereas during vacuum deposition it is contirually pumped.
Also, these results,do.not represent possible contributions due to outgassing of

electrodes and other parts of the system.

The steps taken to imbrove the vacuum déposition process, both directly by
suitable deposition techniques and indirectly'by reducing system pressure, are
described below.

Choice of Vacuum System: In the course of the internally-sponsored inves-

tigation that preceeded the present contract effort, it was established both from
our own experience and the experience of others that contamination from diffusion
pump oil is nqt'tolerable. With the oll system that we originally used, film
adherence problems were severe, usually showing up during the anodizing process
if not sooner. Although specislly designed traps or an inherently better system
could have been used to imprqove film adherence, these measures were seen only as
a means of minimizing the problem, not eliminating it. This reasoning led to the

choice of an lon-pumped system.

=12=-
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The tunnel cathodes are being fabricated in an Ultek system using a 9C liter
per second getter-ion pump with a twelve inch glass bell jar. Two sorption pumps
are used forwughing the system; but, to reduce the gas load on these pumps and
thereby improve their efficiency, a water agpirator is used first to pull the
system pressure down to one or two tenths of an atmosphere. A six inch valve is
placed between the bell jar and the lon pump. The bell Jjar is equipped with &
Viton A gasket. Early in the quarter, the sesling edge of the jar was polished
to an optical finigh, apparently an essential step in getting a consistently
tight seal with this type of gasket. This system has shown an ultimate pressure
of 1 x 10-8 torr, rising to 6 x lO-7 torr during vacuum deposition of aluminum.

Vacuum System Procedures: In order to keep the vacuum as clean as possgible,

jlgs and fixtures are made of stainless steel (mostly #304) and OFHC copper (nickel
plated in some cases). Provisions have been made for admitting dry nitrogen to

the systeﬁ when it i1s necessary to let the bell jar up to atmospheric pressure.
Thig step reduces the tendency for more tenacious gasses such as water vapor to
adhere to the exposed parts. Masks, substrates, and other parts that must be
hendled are touched only with clean tweezers or clean nylon gloves and are stored,
vwhen necessary, in a clean dessicator cebinet made of stainless steel and glass.
Stainless steel screwdrivers (for ease of cleaning) are used for such purposes as

fastening evaporation boats in place ingide the bell jar.

The vacuum system is wrapped with heating tapes that are connected to a timer
circult so that the system can be automatically baked out every night yet will be
cool in the morhing. This nightly bake-out was started during the early part of
the first quarter and has been found to yleld much better system pressures during
film deposition. '

A problem associated with reguler beke out is severe sticking of the Viton
gasket to the baseplate. During the baké out, the gasket temperature reaches about
70°C. Attempts to obtain info;mation on this problem have revealed only that
others do not seem to have this difficulty unless the gasket temperature reached
100°¢. Removing the Viton from the system and air baking it at about 13OOC is of
some value. Several other possible solubtions are seen, and this problem will be
investigated further. It is not serious, but it is a nuisance in that it wastes

time and occasionally results in damage to the sealing surface of the gasket.

Substrate Heater: To heat the substrate during deposition, a heater was

designed and built during this querter which consists of a stainless steel holder

..13..
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through which & .010" molybdenum filament was threaded. Quartz tubing was used

to insulate the filament from the holder. The heater also serves as the heat
source for baking out the bell jar and the fixtures in the upper chamber. Measure-
ments will be made of the substrate temperatures obtained with this heater.

Shutter: A shutter over the metal source permits outgassing the source
without exposing the substrate. It also permits establishment of a rapid metal
evaporation rate before deposition on the substrate is started, thereby assuring
that a more favorable ratioc of metal atoms to gas atoms will strike the substrate.

A smell rotary shutter positioned directly over the source has been in use for about
a year. With this type of shutter a sudden increase in system pressure was usually

observed when the shutter was rotated away from the source.

A trap-door type of shutter constructed early in this quarter offers several
advantages. It 1s positioned about 1 cm. below the substrate. The aluminum
deposited on the larger area of this door before it is opened acts as a getter to
pick up much of the gas of the types that tend to adhere to a freshly-deposited
aluminum film. The pressure burst noticed with the rotary shutter has disappeared
with the use of the new shutter. The trap-door, which is released by the use of
a magnet and plunger, opens completely and quickly (this was sometimes a problem
with the old shutter). The new shutter cannot be closed. This appears not to
be a disadvantage with our present difectly heater sources: +the thermal inertia
is sufficiently small that the evaporation rate drops essentially to zero a
fraction of a second after the power is cut. With an indirectly-heated source
such as a crucible in a tungsten coil, this type of shutter would probably be

unsatisfactory because of the larger time constant of the source.

Electrodes and Vapor Source: The electrode system that was built this
quarter was designed to overcdme some of the inconveniences and undesirable
operating characteristics of earlier sources. The electrodes are nickel-plated
OFHC copper because the high thermal conductivity of this material allows the
electrodes to run cool, and gas release during the deposition process is conse-
quently reduced. These electrodes take a boat of very simple design shaped like
a birch-bark cance. For convenience in changing boats, the evaporation shield
(also made of nickel-plated copper) has been made very small, permitting the
clamping screws to be external to this shield. The overall design has been kept
as simple as possible to minimize unexposed surfaces that would be slow to outgas.

Figure 6 is a sketch of this source.

14~
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Electrodes and Heater For Vacuum Deposition of Metals
Figure 6

The boats are made of .005" tantalum sheet. Although attacked by molten
aluminum, this meterial reacts slowly enough to permit a reasonable amount of
outgassing of the aluminum charge and several evaporation cycles. The boat can
be heated and cooled rapidly, making possible high evaporation rates, the gener-

ation of a minimum of unnecessary heat, and an abrupt termination of the evap-
oration process.

D. Anodization

The insuwlating film required for the tunnel cathode units is at present
formed by anodization of the aluminum emitter film in a non-solvent electrolyte
(5% tartaric acid) to produce a thin film of aluminum oxide. Briefly, anodization
may be described as an electrochemical method for increasing the thickness of the

-15-
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naturally-occurring oxide film on the surfdace of an active metal. The electrolyte
acts ag a conducting medium to transmit the applied voltage to the surface of the
insulating film and also as a source of oxygen ions. The voltage applied across
the insuleting film in this process serves asg a driving force to move oxygen or
metgl ions through this film in such a direction &s to allow the oxidation resction
and the buildup of the insulating film to continue. The reaction proceeds most
repidly where the voltage gradient in the film is highest, i.e., where the film

is thinnest; therefore the method produces an insulating film that is highly
uniform in thickness. The film thickness ig almost entirely dependent on the
anodizing voltage.

The emitter layers are anodized at a constant current of 1OOua per strip
(about 0.6 ma. per sq. cm.) until the desired voltage is reached. This voltage
is then held constant until the current drops to approximately 10upa. The effect
of variations in this anodlzing schedule on the electrical performance of the
thin film units is of interest, but a systematic investigation of this variable
will be conducted when othe{ factors affecting the insulating film quality are

more nearly optimized.

After anodization, the films ere rinsed in distilled water to remove any
residue from the anodizing solution. Because of some indications that this rinse
might not be thorough enough during this quarter, a short series of tests was run
in which other processes were tried. These experiments failed to reveal any
procedure that should supercede our present one. Again, it is felt that a similar
series of tests should be repeated when other variables are such as to yield
congistently good electrical resultg on the thin film test units.

The procedures used were as follows:

1. A control slide was given a rinse in flowing distilled water
immediately after removal from the anodizing beth.

2. A second slide wag given the same rinse as the control. It
was then immersed in boiling distilled water for five minutes.
The water was dgltated during this time. A reverse current
(the direction of the applied voltage was opposite to that
normally applied during the anodizing process) of 100 micro-
amperes was drawn through the insulating film (film area is
about 1 cm® per slide). z

3. The third slide was boiled in agltated distilled water for 10
minutes. '

. The fourth slide was boiled in agitated distilled water for
five minutes.

-16-
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The electrical test results were as follows:

1. Film current started at 4.5 to 5 volts on the control lot. Most
of the units failed by short circuiting at 10 ma (1 amp. per sq.
cm.) on the 60 cycle sweep test.

2. Most of those units were shorted initially. Those that were not,
started conducting st about 2 volts and shorted at 5 ma. These
units alsgo showed physglcal evidence of damage during the post-
snodization treatment. Many holes appeared in the metal film.

3. The third set of units shorted &t about 10 ma, and most started
to draw cuwrrent at 2 to 2.5 volts.

. The last slide is the only one that appeared to be better than
the central lot. The test units on this slide burned out at
about the same current, 10 ma, but sustained +this current for
a considerable time (30 seconds on the average) before burning
out. One unit sustalned 20 ma for 10 seconds. Part of this
improvement may have resulted from the reduction in heating
associated with the lower tunneling voltage - 3.5 volts.

E. Results Obtained

At present our primary criterion for film quality is the film current that
can be pupported before breakdown of the test unit occurs. Tests that we made
before the beginning of the contract period had demonstrated that with films of
good quality current densitlies of up to 20 amperes per square centimeter were
repeatably obtainable over areas one millimeter square using a rectified 60 cycle
sweep voltage. Until the end of this quarter, the units produced during this
quarter failed to approach this standard. The amount of experimentsl data is
therefore small, because the details of the electrical performance of these films

were considered much less important than identifying and correcting the factors
limiting this electrical performance.

During the last week of thils querter, the experimental results showed that
a pronounced. improvement in the insulating films had been obtained. The improved
units showed & substantial film current in 75 out of 80 units. The maximum current
obtained at room temperature was TO ma ( T amperes per sg. cm.) with 60 cycle
sweep applied. Under liquid nitrogen, the maximum current was 110 ma. Although
higher current densities have been achieved in much earlier experiments, this is
considered excellent performance in view of the thinness of the accelerator layers
and. their consequent susceptibility to burnout by thermal dissipation. A second
lot of units processed later in the week had similar electrical characteristics.

The variableg that have been introduced either in the preparation of these
specific samples or a short time earlier sre:

. -17-
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1. Vacuum deposition of aluminum under better vacuum conditions.
Use of a gold accelerator instead of sluminum.

3. Use of a substrate hester to hold the microscope slides at
about 100°C during deposition of sluminum.

4. Anodization &t currents of about 25% of the normally used
value (this variable was introduced unintentionally).
During the next quarter, it is planned to change these variables more
systematically in an attempt to ldentify their relative importance. More detailed
testing of these units is also planned.

Measurements of tunneling current made at liquid nitrogen temperature show
two interesting properties: Higher currents can be drawn at the lower temperatures,
suggest ing that heating due to power dissipation within the units 1s one of the
factors contributing to burnout. Also, the shape of the voltage-current characteristic
changes only slightly with the change frow room tempersdture to 77°K, indicating that
for our test units the current flowing through the insulator is probably due primarily
to tunneling rather than to some other phenomenon such as Schottkey emigsion. More
detailed dmta to determine the validity of these two conclusionc is desirable and
will be obtained.

-18-
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